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METHODS AND MATERIALS FOR USING CHEMICAL COMPOUNDS AS 
5 A TOOL FOR NUCLEIC ACID STORAGE ON MEDIA OF NUCLEIC ACID 

PURIFICATION SYSTEMS 



The present invention claims priority of U.S. Provisional Application 
60/416,356, filed October 4, 2002, the disclosure of which is incorporated herein by 
reference. 



The present invention relates to methods for storing nucleic acid from a 
sample containing nucleic acid, such as a cell sample or cell lysate. The nucleic acid 
is isolated and can be stored efficiently, for extended periods of time at room 
20 temperature and humidity, on a wide variety of filters and other types of solid phase 
media. The invention provides methods for storing nticleic acid-containing samples 
on a wide range of solid phase media in many types of tubes, colimins, or multiwell 
plates, many of which are commercial available. 

25 Background of the Invention 

Genotyping is the discipline of identifying an individual's genome in relation 
to disease specific alleles and/or mutations that occur as an effect of parental linkage. 
The rapid purification of human genomic DNA is an essential part of a genotyping 
30 process; the genomic DNA of an individual being the stractural unit for the entire 
DNA sequence of every allele expressed. 

Sequencing human DNA is a cornplex operation. In order to carry out 
sequence analysis on regions of the chromosomes that may contain portions of 
35 mutation or disease specific sequences, selected portions are amplified, e.g., via PGR, 
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and the amplified products are sequenced. The selected portions of the chromosomes 
that are amplified are dictated by the specific sequence of the primers used in the PGR 
amplification, such as those used for linkage studies to determine that a disease- 
bearing sequence is on a particular chromosome. The primer sets that are used in 
5 genotyping studies are commercially available and are representative for the 

chromosome under examination. Due to the large length of chromosomes, many PGR 
reactions are carried out on the genomic DNA template from a single patient. 

While relatively rapid and convenient procedures for the purification of 
10 various types nucleic acid (such as genomic DNA, complementary DNA (DNA), 

mitochondrial or chloroplast DNA, or various types of RNA) from agarose have been 
developed, it remains a relatively difficult operation to extract nucleic acid directly 
firom more complex starting samples such as cells and cell lysates. On the whole, 
most procedures currently practiced to purify nucleic acid firom nucleic 
15 acid-containing samples comprising cells or cell lysates remain time consuming and 
labor intensive. In addition, storage of the isolated nucleic acid usually entails 
maintaining a vial of the nucleic acid in solution in a refiigerator or, preferably, in a 
fireezer. Long-term storage of numerous samples requires a large amount of dedicated 
fi"eezer space. These storage requirements result in high energy consumption and 
20 expense and render nucleic acid isolation in the field difficult or even in some 
circumstances impossible. 

There have been attempts to minimize the laborious and time-consuming steps 
of the previously used methods for isolating nucleic acid fi-om these more complex 

25 samples. One such method is described in EP 0389063. The method disclosed in EP 
0389063 involves mixing the cell sample (such as whole blood) with a chaotropic 
substance and a particulate nucleic acid binding solid phase comprising silica or a 
derivative thereof. It is known that, in the presence of a chaotropic substance, nucleic 
acid is released firom cells and binds to silica-based nucleic acid binding solid phases. 

30 Subsequently, the mixture is centrifiiged to pellet the solid phase with the nucleic acid 
bound thereto and the supernatant is discarded. The pelleted material is subjected to 
several washing steps with the chaotropic agent and organic solvents. Finally, the 
DNA is eluted firom the solid phase in a low salt buffer. 
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The method described in EP 0389063 is disadvantageous in that it is a 
manually intensive, multi-step procedure. In view of the fact that the method involves 
a number of centrifugation and vessel transfer steps, this method is unsuitable for 
automation. In addition, the eluted DNA would still require storage in solution at low 
temperature. 

U.S. Patents Nos. 5,187,083 and 5,234,824 each describe a method for rapidly 
obtaining substantially pure DNA from a biological sample containing cells. The 
methods involve gently lysing the membranes of the cells to yield a lysate containing 
genomic DNA in a high molecular weight form. The lysate is moved through a porous 
filter to trap selectively the high molecular weight DNA on the filter. The DNA is 
released from the filter using an aqueous solution. 

There have been attempts to facilitate purification of human genomic DNA 
using a variety of methods (Molecular Cloning, Sambrook et al. (1989)). 
Consequently, many commercial kit manufacturers provide products for such 
techniques, for example: AmpReady™ (Promega, Madison, Wisconsin), DNeasy™ 
(Qiagen, Valencia, California), and Split Second™ (Roche Molecular Biochemicals, 
Indianapolis, Indiana). These products rely on the use of specialized matrices or 
buffer systems for the rapid isolation of the genomic DNA molecule. 

More recently, there have been attempts to use microporous filter-based 
techniques as tools for the purification of genomic DNA as well as a whole multitude 
of nucleic acids. The advantage of filter-based matrices are that they can be fashioned 
into many formats that include tubes, spin tubes, sheets, and microwell plates. 
Microporous filter membranes as purification support matrices have other advantages 
within the art. They provide a compact, easy to manipulate system allowing for the 
capture of the desired molecule and the removal of unwanted components in a fluid 
phase at higher throughput and faster processing times than possible with column 
chromatography. This is due to the fast diffusion rates possible on filter membranes. 

Nucleic acid molecules have been captured on filter membranes, generally 
either through simple adsorption or through a chemical reaction between 
complementary reactive groups present on the filter membrane or on a filter-bound 
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ligand resulting in the formation of a covalent bond between the ligand and the 




desired nucleic acid. 

Porous filter membrane materials used for non-covalent nucleic acid 
5 immobilization have included materials such as nylon, nitrocellulose, hydrophobic 
polyvinylidinefluoride (PVDF), and glass microfiber. A number of methods and 
reagents have also been developed to allow the direct coupling of nucleic acids onto 
solid supports, such as oligonucleotides and primers. UV cross-linking of DNA 
(Church et al., PNAS, vol. 81, page 1991, 1984), The Generation Capture Column Kit 
10 (Centra Systems, Minneapolis, MN) and RNA to nylon membranes have also been 
reported. 

Many chemical methods have been utilized for the immobilization of 
molecules such as nucleic acids on filter membranes. For example, activated paper 

15 (TransBind™, Schleicher & Schuell Ltd., Keene, N.H.), carbodimidazole-activated 
hydrogel-coated PVDF membrane (Immobilin-IAV™, Millipore Corp.^ Bedford, 
Mass.), MAP paper (Amersham, Littlechalfont Bucks, Wisconsin), activated nylon 
(BioDyne™, Pall Corp., (Glen Cove, N.Y.), DVS- and cyanogen bromide-activated 
nitrocellulose. Membranes bound with specific ligands are also known such as the 

20 SAM2™ Biotin Capture Membrane (Promega) which binds biotinylated molecules 
based on their affinity to streptavidin or MAC affinity membrane system (protein 
A/G) (Amicon, Bedford, Massachusetts). Some of the disadvantages of covalent 
attachment of biomolecules onto activated membranes are: 

25 a) Molecule immobilization is often slow, requiring 20-180 minutes 



b) 



for reaction completion. 

High ligand and biomolecule concentration is needed for fast 



immobilization. 



c) 



Constant agitation is needed during the immobilization process, 
which may result in biomolecule denaturation and deactivation. 



30 



Once the immobilization process is complete, often a blocking 
(capping) step is required to remove residual covalent binding 
capacity. 
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e) Covalently bound molecules cannot be retrieved from the filter 
membrane. 

There is a need in various specific areas, such as forensics, for a nucleic acid 
5 immobilization media and procedure that exhibits the high specificity of covalent 
immobilization onto the filter membrane without the use of harsh chemical reactions 
and long incubation times, which can also be used at crime scenes, with blood sample 
archiving and other related uses. In particular there is a need for the capture and 
separation of nucleic acids from a mixture in a fluid phase onto a filter membrane 
10 matrix in forensics. 

Of special interest is the ability to store or archive the bound nucleic acids on 
the filter membrane matrix for various uses. Alternatively, filters that permit elution 
of nucleic acids have uses in application requiring liquid formats. Embodiments of 
15 both types are found in the present invention. 

Based on United States Patents 5,496,562, 5,756,126, and 5,807,527, it has 
been demonstrated that nucleic acids or genetic material can be inmiobilized to a 
cellulosic-based dry solid support or filter (FTA® filter). The solid support described 

20 is conditioned with a chemical composition that is capable of carrying out several 

fimctions: (i) lyse intact cellular material upon contact, releasing genetic material, (ii) 
enable and allow for the conditions that facilitate genetic material immobilization to 
the solid support (probably by a combination of mechanical and chaotrophic), (iii) 
maintain the immobilized genetic material in a stable state without damage due to 

25 degradation, endonuclease activity, UV interference, and microbial attack, and (iv) 
maintain the genetic material as a support-boimd molecule that is not removed from 
the solid support during any down stream processing (as demonstrated by Del Rio et 
al (1995) BioTechniques. vol. 20: 970-974). 

30 FTA® filters permit stable, long-term storage of nucleic acids, such as on a 

FTA® Card for archiving of DNA samples at room temperature for extended periods. 
The usefiilness of the so called FTA® cellulosic filter material described in US 
patents 5,496,562, 5,756,126, and 5,807,527 has been illustrated for several nucleic 
acid techniques such as bacterial ribotyping (Rogers, C. & Burgoyne, L. (1997) Anal. 
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Biochem., vol. 247: 223-227), detection of single base differences in viral and human 
DNA (Ibrahim et al. (1998) Anal. Chem., vol. 70: 2013-2017), DNA databasing 
(Ledray et al. (1997) J. Emergency Nursing., vol. 23, No. 2: 156-158), automated 
processing for STR electrophoresis (Belgrader, B. & Marino, M. (1996) L.R.A., vol: 
5 9: 3-7, Belgrader et al. (1995) BioTechniques., vol. 19, No. 3: 427-432), and 

oligonucleotide ligation assay for diagnostics (Baron et al. (1996) Nature Biotech., 
vol. 14: 1279-1282). 

More recently, glass microfiber, has been shown to specifically bind nucleic 
10 acids fi-om a variety of nucleic acid containing sources very effectively (for example, 
see Itoh et al (1997) Simple and rapid preparation of plasmid template by filtration 
method using microtiter filter plates. NAR, vol. 25, No. 6: 1315-1316; Andersson, B. 
et al. (1996) Method for 96-well Ml 3 DNA template preparations for large-scale 
sequencing. BioTechniques vol. 20: 1022-1027). Under the correct salt and buffering 
15 conditions, nucleic acids will bind to glass or silica with high specificity. A glass 

microfiber matrix in the form of a filter, possibly including a binder or a coating, such 
as FTA®, may be used for isolation and elution of nucleic acid. 

Altematiyely, silica, silica gel, glass particles, or glass mixtures not in the form 
20 of a filter may be suspended in a suspension and packed into a column or spin tube. 
Column packing material may also be obtained by the homogenization of glass fiber 
or microfiber filters having removal binders, followed by suspension as a "sludge," 
"resin," or "slurry" (see, e.g., U.S. Patent No., 5, 658,548). 

25 It is well-knovm in the art that these types of columns, hke protein 

fi-actionation columns, must be kept wet and not permitted to dry and that nucleic 
acids and proteins trapped in dried columns often cannot be eluted. This limitation 
necessitates the careful storage of packed columns under conditions to prevent drying 
(e.g., sealing to prevent exposure to air and possibly storage in a refiigerator or cold 

30 room). It also results in the need to conduct an isolation experiment within a 

relatively immediate time fiame, during which careful and constant vigilance must be 
maintained to avoid drying of the column, either at the ends or internally due to air 
bubbles. Lengthy isolations may require the work to be performed in a cold room 
with frequent addition of buffer over the course of many hours. 
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It would be useful to provide methods for the storage of samples comprising 
nucleic acid with various types of media in a column, whereby the column with the 
sample captured on the media is dried and stored for days, weeks, or months at 
5 ambient temperature and hxmiidity, followed by the isolation of the nucleic acids from 
the sample. 

Summary of the Invention 




10 In one aspect, the present invention provides methods for isolating and storing 

nucleic acid, comprising: 

a. providing a solid phase medium; 

b. applying a sample comprising cells containing nucleic acid to the solid 
phase medium; 

15 c. retaining the cells with the solid phase medium as a cellular retentate 

and removing contaminants; 

d. contacting the cellular retentate with a solution comprising a surfactant 
or detergent; 

e. lysing the cellular retentate to form a cell lysate while retaining the cell 
20 lysate in the medium, the cell lysate comprising the nucleic acid; 

f. drying the solid phase medium with the cell lysate comprising the 
nucleic acid; and 

g. storing the dried solid phase medium with the nucleic acid. 

25 In a further aspect, the present invention provides methods for isolating and 

storing nucleic acid, comprising: 

a. providing a solid phase medium; 

b. applying a sample comprising cells containing nucleic acid to the solid 
phase medium; 

30 c. retaining the cells with the soUd phase medium as a cellular retentate 

and removing contaminants; 

d. contacting the cellular retentate with a solution comprising: 

i. a weak base; 

ii. a chelating agent; and 
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iii. an anionic surfactant or detergent; 
e. lysing the cellular retentate to form a cell lysate while retaining the cell 
lysate in the medium, the cell lysate comprising the nucleic acid; 
f drying the solid phase medium with the cell lysate comprising the 
5 nucleic acid; 

g. storing the dried solid phase medium with the nucleic acid; and 

h. eluting the nucleic acid from the solid phase medium. 



hi one embodiment, the solution of step d further comprises uric acid or a 
10 urate salt. 



In yet another aspect, the present invention provides methods for isolating and 
storing DNA, comprising: 

a. providing a solid phase medium, wherein the solid phase medium 
15 comprises a filter comprising a plvu^ality of fibers, wherein the fibers 

comprise: 

i. glass or silica-based fibers; 

ii. plastics-based fibers; or 

iii. nitrocellulose or cellulose-based fibers; 

20 b. apiplying a sample comprising cells containing DNA to the solid phase 

medium; 

c. retaining the cells with the solid phase medium as a cellular retentate 
and removing contaminants; 

d. contacting the cellular retentate with a solution comprising: 
25 i. a weak base; 

ii. a chelating agent; and 

iii. an anionic surfactant or detergent; 

e. lysing the cellular retentate to form a cell lysate while retaining the cell 
lysate in the medium, the cell lysate containing DNA; 

30 f. drying the solid phase medium with the cell lysate comprising the 

DNA; 

g. storing the dried solid phase medium with the DNA at a temperature of 
5*^0 to 40°C; 
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h. heating the DNA with the solid phase medium to an elevated 
temperature of 65°C to 125°C; and 

i. eluting the DNA from the solid phase medium. 

5 In one embodiment, the solution of step d further comprises uric acid or a 

urate salt. 

Brief Description of the Drawings 

10 

Figure 1 A is an agarose gel electrophoresis analysis of the quality of DNA extracted 
from frozen human whole blood and recovered from glass fiber media after 1 day 
storage at room temperature and humidity (M = molecular weight standard). 

15 Figure IB is an agarose gel electrophoresis analysis of the quality of DNA extracted 
from frozen human whole blood and recovered from glass fiber media after 5 days 
storage at room temperature and humidity (M = molecular weight standard). 

Figure 2 is an agarose gel electrophoresis analysis of the quality of DNA extracted 
20 from fresh human whole blood and recovered from glass fiber media after 20 days 
storage at room temperature and humidity (M = molecular weight standard). 

Figure 3 is an agarose gel electrophoresis analysis of the quality of DNA extracted 
from fresh human whole blood and recovered from glass fiber media after 3.5 months 
25 storage at room temperature and humidity (M = molecular weight standard). 

Figure 4 is an agarose gel electrophoresis analysis of the quality of the DNA isolated 
after one month storage at room temperature on the glass fiber GF/L-6™ and DBS™ 
media (Whatman), control vs. FTA treated (M = molecular weight standard). 

30 

Figure 5 is an agarose gel electrophoresis analysis of the quality of the DNA isolated 
after three and one-half months storage at room temperature on the glass fiber GF/L™ 
GenFast column media (Whatman), control (bottom) vs. FTA® treated (top) (MW = 
molecular weight standard. 
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Figure 6 is an agarose gel electrophoresis analysis of the quality of the DNA isolated 
after five months storage at room temperature on the GenFast-like column with glass 
fiber GF/L-6™ media (Whatman), control vs. FTA®-like solution (FT A® treated) 
5 (MW = molecular weight standard). 



Figure 7 is an agarose gel electrophoresis analysis of the quality of the DNA isolated 
after three and one-half months storage at room temperature on the silica gel QIAamp 
Mini Kit column (Qiagen). 

10 

Figure 8 is an agarose gel electrophoresis analysis of the quality of the DNA isolated 
after three months storage at room temperature on column-based design hydrophilic 
polyvinylidinefluoride (PVDF) membrane (Whatman), control vs. FT A® treated vs. 
modified FTA® treated (MW = molecular weight standard; lanes 1-2: controls; lane 
15 3: no sample (blank); lanes 4-5: FTA®-treated samples; lanes 6-9: modified FTA®- 
treated samples). 



Detailed Description of the Invention 



20 



Broadly, the present invention provides compounds and methods for using the 
compounds, such as those of FTA® technology (Whatman, Inc.), for the preservation 
and storage of nucleic acid (NA) fi-om blood or other biological samples on the media 
of any solid phase based nucleic acid purification system (including commercial kits 
25 and in-house devices). For example, in one embodiment this result is achieved by 
applying and drying FTA® chemicals on the solid phase media after the loading of 
the sample or after a given step of a nucleic acid extraction procedure. 

The present invention also provides compounds and methods for enliancing an 
30 amount of stored NA in excess of quantities that are considered to be optimal for 

nucleic acid purification systems. It does not limit the FTA® technology to the times 
and temperature ranges of the given sample storage procedure. 
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The method is fast, requiring only a few buffers and a simple heat elution step 
to recover the DNA. The method does not rely on chaotrophic salt, ion exchange, or 
affinity extraction procedures. 

5 In some instances, the solid phase media may physically trap the retentate. 

Alternatively, however, the retentate may interact chemically with the media. It is 
possible that a combination of adsorption and absorption may take place. 

The present method provides a quick, simplified, cost effective method for 
10 storing, and subsequently isolating, nucleic acids using a wide range of commercially 
available solid phase media, which until now have been considered inappropriate for 
storage. The technique is not manually intensive or technique-dependent and does not 
utilize hazardous chemicals. The nucleic acid produced in accordance with the present 
invention is capable of multiple downstream processing. 

15 

In one aspect, the present invention provides a method for isolating and 
storing nucleic acid, comprising: 

a. providing a solid phase medium; 

b. applying a sample comprising cells containing nucleic acid to the solid 
20 phase medium; 

c. retaining the cells with the solid phase medium as a cellular retentate 
and removing contaminants; 

d. contacting the cellular retentate with a solution comprising a surfactant 
or detergent; 

25 e. lysing the cellular retentate to form a cell lysate while retaining the cell 

lysate in the medium, the cell lysate comprising the nucleic acid; 

f. drying the solid phase medium with the cell lysate comprising the 
nucleic acid; and 

g. storing the dried solid phase medium with the nucleic acid. 

30 

In a preferred embodiment, the method fiirther comprises: 

h. eluting the nucleic acid fi-om the solid medium. 
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In one preferred embodiment, prior to drying step f, the solid phase medium 
with the nucleic acid is washed to remove contaminants while retaining the nucleic 
acid in the solid phase medium. 

5 In another preferred embodiment, prior to eluting step h, the dried solid phase 

medium with the nucleic acid is waished to remove contaminants while retaining the 
nucleic acid in the solid phase medium. 

In a preferred embodiment, the dried solid phase medium with the nucleic acid 
10 in step g is maintained substantially at a temperature of 5°C to 40°C. 

Preferably, the storage of the nucleic acid in step g has a duration of at least 
one week. More preferably, it has a duration of at least one month; even more 
preferably, it has a duration of at least three months. Still more preferably, the storage 
15 of the nucleic acid in step g has a duration of at least five months. 



In a preferred embodiment, the solid phase medium comprises a filter 
comprising a plurality of fibers. Preferably, the filter has a substantially disordered 
structure. Preferably, the fiber diameters are in the range of from 1 /im to 10 ptm. 
20 Preferably, the filter comprises one or more pores having a pore size firom about 0.2 
^m to about 2.7 /xm. 



In a preferred embodiment, the solid phase medium comprises: 
a. a glass or silica-based solid phase medium; 
25 b. a plastics-based solid phasie medium; or 

c. a cellulose-based solid phase medium. 

Preferably, the solid phase medium iis selected from one of the following: 
glass, glass fiber, glass microfiber, silica, silica gel, silica oxide, cellulose, 
30 mtrocellulose, carboxymethylcellulose, polyester, polyamide, carbohydrate polymers, 
polypropylene, polytetrafluoroethylene, polyvinylidinefluoride, wool, or porous 
ceramics. 
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In one preferred embodiment, the surfactant or detergent of step d comprises 
an anionic surfactant or detergent, preferably, sodium dodecyl sulfate, still more 
preferably wherein the concentration of the sodium dodecyl sulfate is between about 
0.5% and about 5% weight/volume (w/v). 

In another preferred embodiment, the solution of step d further comprises: 

ii. a weak base; and 

iii. a chelating agent. 



10 Preferably, in addition to the above, the solution of step d further comprises: 

iv. uric acid or a urate salt. 

In a preferred embodiment, the cellular retentate comprises condensed 
material from the nucleus. 

15 

In a particularly preferred embodiment, the cellular retentate comprises intact 
whole cells and step e comprises: 

i. rupturing the intact whole cells retained by the solid phase medium to 
leave condensed material from the nucleus retained by the medium; and 
20 ii. lysing the condensed material from the nucleus to form the cell lysate 

containing the nucleic acid. 



In a preferred embodiment, the composition and dimensions of the solid phase 
medium are selected so that the nucleic acid is retained by the medium in step e 
25 substantially by non-ionic interactions, preferably dipole-dipole interactions, dipole- 
induced dipole interactions, dispersion forces, or hydrogen bonding. 

Prefeirably, the retaining step e is fiirther defined as physically retarding the 
movement of the nucleic acid through the solid phase medium. 

30 

Preferably, the solid phase medium is capable of retaining the cells and the 
nucleic acid in the absence of a chaotrope. 
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Preferably, step b further comprises concentrating the cells in the solid phase 
medium. 



In one preferred embodiment, the nucleic acid is heated to an elevated 
5 temperature of 65°C to IZS'^C prior to eluting step h and more preferably to an 
elevated temperature of 80^C to 95°C prior to eluting step h. 

Preferably, the cells are selected from the group consisting of white blood 
cells, epithelial cells, buccal cells, tissue culture cells, semen, vaginal cells, urinary 
10 tract cells, plant cells, bacterial cells, and colorectal cells. 

In a particularly preferred embodiment, the cells are white blood cells and the 
method further comprises applying whole blood to the solid phase medivmi, optionally 
lysing the red blood cells therefrom, optionally washing the solid phase medium to 
15 remove contaminants, and obtaining the cell lysate from the white blood cells. 

More preferably, the sample comprises blood cells and the dimensions of the 
solid phase medium are selected so that the majority of the cells retained in step c 
comprise white blood cells. 

20 

In a preferred embodiment, the nucleic acid comprises DNA or RNA, more 
preferably genomic DNA. 

In another aspect, the present invention provides a method for isolating and 
25 storing nucleic acid, comprising: 

a. providing a solid phase medium; 

b. applying a sample comprising cells containing nucleic acid to the solid 
phase medium; 

c. retaining the cells with the solid phase medium as a cellular retentate 
30 and removing contaminants; 

d. contacting the cellular retentate with a solution comprising: 

i. a weak base; 

ii. a chelating agent; and 

iii- an anionic surfactant or detergent; 
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e. lysing the cellular retentate to form a cell lysate while retaining the cell 
lysate in the medium, the cell lysate comprising the nucleic acid; 

f. drying the solid phase medium with the cell lysate comprising the 
nucleic acid; 

5 g. storing the dried solid phase medium with the nucleic acid; and 

h. eluting the nucleic acid from the solid phase medium. 

In a further aspect, the present invention provides a method for isolating and 
storing DNA, comprising: 
10 a. providing a solid phase medium, wherein the solid phase medium 

comprises a filter comprising a plurality of fibers, wherein the fibers comprise: 
glass or silica-based fibers; 
plastics-based fibers; or 
ii. nitrocellulose or cellulose-based fibers; 
15 b. applying a sample comprising cells containing DNA to the solid phase 

mediiim; 

c- retaining the cells with the solid phase medium as a cellular retentate 
and removing contaminants; 

d. contacting the cellular retentate with a solution comprising: 
20 i. a weak base; 

i. a chelating agent; and 

ii. an anionic sxirfactant or detergent; 

e. lysing the cellular retentate to form a cell lysate while retaining the cell 
lysate in the medium, the cell lysate containing DNA; 

25 f drying the solid phase medium with the cell lysate comprising the 

DNA; 

g. storing the dried solid phase medium with the DNA at a temperature of 
S^'C to 40^C; 

h. heating the DNA with the solid phase medium to an elevated 
30 temperature of 65°C to 1 IS^'C; and 

i. eluting the DNA from the solid phase medium. 
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It is preferred that the retentate be lysed while entrapped within the solid phase 
media. However, it should be understood that the method according to the present 
invention encompasses also an . embodiment where substantially all or some of 
retentate is lysed while retained by, but not entrapped within, the solid phase media, 
5 including on the surface of the media. 

In one aspect of the present invention, the cell retentate comprises intact whole 
cells as well as, or instead of, cell debris. Advantageously, the intact whole cells may 
be treated, while being retained by the solid phase media, by the application of a 

10 detergent to the media. Any detergent may be used, provided that it has the effect of 
rupturing or "peeling away" the cell membrane. Condensed nuclear material or 
nucleic acid is retained by the media. Preferably the detergent is selected from 
sodium dodecyl sulfate (particularly 0.5% - 5% weight-by-volume SDS), sodium 
lauryl sarcosinate (particularly 0.5% - 5% w/v SLS), or other commercially available 

15 detergents, such as TWEEIST^* 20 (particularly 0.5% - 5% volume-by-volume 
TWEEN™ 20), lauryl dodecyl sulfate (particularly 0.5% - 5% w/v LDS) or 
TRITOInT'^ e.g., TRITON™ X-1 00 (particularly 0.5% - 5% v/v TRITON™). 
Altemati vely, 3-[(3-cholamidopropyl)dimethylammonio]- 1 -propane-sulfonate 
("CHAPS"), may be used. The amount of detergent employed is suflBcient to lyse 

20 cell membranes, but not so much as to denature DNA. Suitable amounts are 

generally 0.1% to 10% by weight (w/v) or by volume (v/v) and preferably 0.2% to 
7% w/v or v/v and more preferably 0.5% to 5% w/v or v/v of SDS, TWEEN™ or 
TRITON™. Most preferably the detergent is 0.5% to 5% w/v SDS. 



25 While the addition of detergent to the retentate is preferable, the present 

method may be carried out without the addition of a detergent by using other known 
lysing agents, such as low-salt non-isotonic solutions, such as ethanol or sucrose. 
However, applying a detergent to the retentate while the retentate is retained by the 
solid phase medium increases the yield and purity of the DNA product. 

30 

In addition to rupturing the intact whole cells, the detergent also has the 
function of washing out protein and heme (haem) which may have been retained by 
the solid phase medium. 
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With regard to lysis of the cell nuclei, in one aspect of the invention, the nuclei 
are lysed, exploded, or ruptured to form a lysate containing nucleic acid by the 
addition of a low-salt, non-isotonic buffer, such as a hypotonic buffer. Preferably, the 
low salt buffer is 

5 

Per 1 liter - 

- Measure 500 ml purified water 

- Add 10.0 ml (9.9-1.1 ml) IM Tris (Whatman WB420003) 
10 - Add 0.596 g (0.595-0.597 g) KCl (Whatman WB410015) 

- Add 0.29 g (0.28-0.30 g) MgCh (Whatman WB410014) 

- Mix to dissolve 

- Add 10.0 ml NFB (alternatively, fetal calf serum may be 
used) and mix 

15 - Add 0.5 g (0.49-0.5 1 g) Na-Metabisulfite (Whatman 

WB410055)andmix 

- Add water to 1000 ml and mix welL 

- Aseptically filter solution through an 0.2 /xm filter in a 
class II safety cabinet 

20 " Store at room temperature; 



10 mM Tris-HCl, 1 mM EDTA, pH 7.6-8 ("AE,"); 10 mM Tris-HCl, 0.1 mM EDTA, 
pH 8 ("TE'^"); or water. Other suitable lysis solutions include any 
detergent-containing solutions in which the detergent may be cationic, anionic or 
25 neutral. Chaotrope-containing solutions, preferably buffers may also be used. The 
lysis solution lyses or bursts open the condensed nuclear material to release the 
nucleic acid. It will be understood by the skilled person, however, that lysing the 
nuclei to form a lysate containing nucleic acid also can be achieved by other 
methods, for example, by heating. 

30 

Alternatively, after lysis, the retentate comprises fi^eed nucleic acids. 

Lysis, whether of cells or of nuclei, and the removal of the contaminating 
materials resulting fi"om lysis may take place sequentially, such as lysis of cells 
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followed by removal of non-nucleic materials or contents or lysis of nuclei followed 
by removal of non-nucleic acids. Alternatively, the lysis and removal steps may 
occur simultaneously or may overlap. 

5 The chemical composition of the solution, which preferably comprises a 

surfactant or detergent and more preferably comprises a weak base, a chelating agent, 
and an anionic surfactant or detergent, facilitates the lysis of whole cells and the 
subsequent capture of the released nucleic acids. The chemical composition further 
aids in their long term storage. The composition of the solution is such that the rapid 

10 purification of the captured nucleic acid can be carried out. That is, the solution itself 
allows for the release of nucleic acid by an elution step thereby providing a soluble 
nucleic acid fraction. As discussed in more detail below and exemplified in the 
following examples, the present invention is most efficient with regard to elution of 
total DNA from the sample. However, nucleic acid and nucleic acid populations can 

15 be specifically eluted. 

In embodiments comprising a filter membrane, it is preferred that the solution 
comprises a chemical composition that is able to sorb to the aforementioned filter 
membrane. The composition of the solution is preferably as described and relates to 
20 that outHned in US Patents 5,756,126, 5,807,527, and 5,496,562, the disclosures of 
which are incorporated herein. 

In one embodiment, the preferred solution includes a protein denaturing agent 
and a free radical trap. The denaturing reagent can be a surfactant that will denature 

25 proteins and the majority of any pathogenic organisms in the sample. Anionic 
detergents are examples of such denaturing reagents, and may be used alone. The 
chemical solution can include a weak base, a chelating agent, and the anionic 
surfactant or detergent, and optionally uric acid and urate salt as discussed in detail in 
the above-cited United States Patent 5,807,527. More preferably, the weak base can 

30 be a Tris, trishydroxymethyl methane, either as a free base or as the carbonate, and the 
chelating agent can be EDTA, and the anionic detergent can be sodium dodecyl 
sulfate. Other solutions having similar fimction can also be utilized in accordance 
with the present invention. 
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In one preferred embodiment, the solution used in this aspect of this invention 
comprises the following: 

(i) a monovalent weak base (such as "Tris", tris-hydroxymethyl methane, either 
as the free base or as the carbonate); 

(ii) a chelating agent (such as EDTA, ethylene diamine tetracetic acid); and 

(iii) an anionic detergent (such as SDS, sodium dodecyl sulfate); and optionally 

(iv) uric acid or a urate salt. 

An example of one preferred embodiment of the solution is an FT A® solution 
(Whatman, Inc.) comprising Tris, EDTA, SDS, and uric acid. 

Although not vital for the short-term storage of DNA on the solid medium, the 
use of uric acid or a urate salt in accordance with this invention has been found to be 
particularly important for the long-term storage of DNA as this component performs a 
number of functions, including serving as a "free-radical" trap and a weak acid. As a 
free-radical trap, it preferentially accepts free radicals that would otherwise daage the 
base guanine in the DNA. 

As previously described, the composition may include a base, optionally a 
monovalent weak base, to cause an alkaline pH between 8.0 and 9.5 to be imposed 
upon the blood that is placed upon the matrix. This is to ensure the proper action of 
the chelating agent in binding divalent metals. It is also to prevent the action of acid 
nucleases that are not so dependent on divalent metals. The base may be a weak 
organic base, such as Tris. Alternatively, an inorganic base such as an alkali metal 
carbonate or bicarbonate, for example sodium, lithium or potassium carbonate or 
bicarbonate, may be used. 

The chelating agent is preferably a strong chelating agent such as EDTA, 
however a wide range of suitable strong chelating agents are commercially available. 
The function of the chelating agent is to bind the divalent metal ions, magnesium and 
calcium, and also to bind transition metal ions, particularly iron. Both calcium and 
magnesitmi are known to promote DNA degradation by acting as co- factors for 
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enzymes. The metal ions such as iron, that readily undergo oxidation and reduction 

■ 

also damage nucleic acids by the production of free radicals. 

The anionic surfactant or detergent is included in the composition of this 
aspect of the invention as the primary denaturing agent. The anionic detergent may be 
5 used alone or in combination with the weak base, the chelating agent, and optionally, 
uric acid or a urate salt. 

Any strong anionic detergent that binds to and denatures proteins is suitable, 
and as well as SDS mentioned above, other detergents such as sodium lauryl 
sarcosinate may also be used. This anionic detergent causes most pathogens to be 

10 inactivated due to the non-specific destruction of the secondary structure of their coat 
proteins, their intemal proteins, and any membranes they may be dependent upon. 
There are exceptions, since the anionic detergent does not inactivate the most resistant 
bacterial spores, nor does it inactivate some extremely stable enteric virions. 
However, these exceptions are agents that are already likely to be transferred by 

15 ordinary contact and there is currently no great concern that these agents constitute a 
risk from blood. 

The anionic detergent can be selected from the group including sodium 
dodecyl sulfate (SDS). SDS can be obtained in various forms, such as the C12 fomi 
and the lauryl sulfate. Other anionic detergents can be used, such as alky aryl 
20 sulphonates, sodium tetradecylsulphate long chain (fatty) alcohol sulphates, sodiimi 2- 
ethylhexysulphate blefine sulphates, sulphosuccinates or phosphate esters. The 
anionic detergent, such as SDS, can be applied to the filter matrix at varying 
concentrations. 

25 Generally, 0.1%- 10% SDS can be used in accordance with the present 

invention. For example, increased concentrations of SDS, up to 10%, which cannot be 
accommodated within an FT A® cocktail^ as set forth in the patents discussed above, 
provided greater critical micelle concentration, which generates greater lysing 
capability and thus greater yield of target nucleic acid, as demonstrated in the example 

30 section set forth below. A preferred SDS concentration is achieved in the 0.5% - 5% 
SDS concentration range for glass microfiber in order to enrich for and purify 
different plasmid populations directly from liquid cultures, such as in a packed 
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column, a filter column or a multi-well format, such formats being well known in the 
art. 

Suitable materials for the solid phase media include glass fiber or any 
5 silica-based or derived solid phase media and plastic-based solid phase media, for 
example, polyester and polypropylene based media. 

• Certain materials, including glass microfiber, polyethylene, polyester, or 
polypropylene, make it possible to isolate nucleic acid in the absence of a chaotrope. 
It is preferred that the composition and dimensions are selected so that the solid phase 
medium is capable of retaining the cells and the nucleic acid substantially in the 
absence of a chaotrope. It has been surprisingly found by the applicant that with 
certain filter materials, including glass microfiber, polyethylene, polyester, or woven 
or polypropylene, it is possible to isolate nucleic acid in the absence of a chaotrope. 
This goes against the conventional wisdom of those skilled in the art of the invention. 

Preferably, the solid phase medium is of a depth that is sufficiently large to 
entrap the cells and the nucleic acid within the medium without substantial loss. The 
present method is scalable so that any surface area of the filter and thus any filter 
20 diameter may be used. 

The solid phase medium of the present invention can be capable of releasing 
the generic material immobilized thereto by a heat elution. In one preferred 
embodiment, such a heat elution is accomplished by the exposure of the medium 
25 having the genetic material stored thereon to heated eluting solution or water, the 
eluting solution or water being nuclease firee. In preferred embodiments, the solid 
phase medium is porous and presents a vast surface area upon which the nucleic acid 
is bound. 

30 The solid phase medium of the invention is such that at any point during, a 

storage regime, it allows for the rapid purification of immobilized nucleic acid. The 
immobilized nucleic acid is collected in the form of a soluble fi-action following a 
simplified elution process, during which immobilized nucleic acid is released fi-om the 
solid phase medium of the invention. The solid phase medium of the invention yields 
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nucleic acid of sufficient quality that it does not impair downstream analyses such as 
polymerase chain reaction (PGR), ligase chain reaction (LCR), transcription mediated 
amplification (TMA), reverse transcriptase initiated PGR, DNA or RNA hybridization 
techniques, sequencing, and the like. 

5 

In one embodiment, the solid phase medium comprises a filter or filter 
membrane. If the filter is fibrous, the solution above preferably coats the filter fibers, 
rather than simply coating the filter surface. Alternatively, the solution can^ 
impregnate the fibers. 

10 

The term "filter," "filter membrane" or "matrix" as used herein means a porous 
material or filter media formed, either fully or partly from glass, silica, silica gel, 
silica oxide, or quartz, including their fibers or derivatives thereof, but is not limited 
to such materials. Other materials fi-om which the filter membrane can be composed 

15 also include, but are not limited to, cellulose-based (e.g., cellulose, nitrocellulose, 
carboxymethylcellulose), hydrophilic polymers including synthetic hydrophilic 
polymers (e.g., polyester, polyamide, carbohydrate polymers), 
polytetrafluoroethylene, porous ceramics, Sephacryl S-500, wool, and diatomaceous 
earth (silica oxide). Alternatively, one or more filters may be crashed, broken, 

20 homogenized or the like, and used to pack a tube, column or multiwell plate. In this 
instance, the filter material may be used to form a sludge or suspension in, e.g., a 
buffer or other solution. 

Preferred examples of solid phase media to be used in the present invention 
25 include, but are not limited to, GF/L-6 ™ glass fiber media (Whatman, Inc.), DBS- 
1000™ glass fiber media (Whatman, Inc.), GenFast columns (Whatman, Inc.), PVDF 
media (Whatman, Inc.), QiaAmp® colimins (Qiagen GmbH), Wizard® colunms 
(Promega), and Generation® columns (Gehtra). Further examples include, but are not 
limited to, nitrocellulose membranes (Whatman, Inc.; Toronto; Schleicher & Schuell), 
30 cellulose nitrate membranes (Arbor Tech), cellulose acetate membranes (Toronto), 
and nylon membranes (Whatman, Inc.; Standard and SP; Osmonics). Additional 
examples are known in the art, for example, WO 00/21973, U.S. Patent 5,234,809, 
European Patent No. 0,389,063, the disclosures of which are incorporated by 
reference herein. 
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Additional preferred embodiments include, but are not limited to, plasmid prep 
kits, whether in a column format or in a high-throughput 96-well format (vacuum or 
centrifuge), comprising a wide range of materials. Examples of commercially 
5 available high-throughput plasmid prep kits include, but are not limited to, kits 
including DNA-binding matrices (DNAce 96 Plasmid kit (Bioline); Perfectpre-96 
Spin (Eppendorf Scientific, Inc.)), silica membranes (Aunim Plasmid 96 kit (Bio-Rad 
Laboratories); Nucleospin Multi-96 (Clontech Laboratories, Inc.); Perfectprep 96 Vac 
DB (Eppendorf Scientific, Inc.) Wizard SV 96 Plasmid DNA Purification System 
10 (Promega Corp.)), silica gel membrane (QIAprep 96 Turbo Miniprep kit (Qiagen)); 
silica matrix (96-well prep Express (Qbiogene); RPM Turbo 96 kit (Qbiogene)); and 
anion exchange membrane (QIAwell 96 Ultra Plasmid kit (Qiagen)). 

An automated plasmid prep device may be used to facilitate rapid isolation of 
15 nucleic acids prior to storage or to facilitate elution following storage, in addition to 
reducing the possibility of sample contamination. Examples of automated plasmid 
prep devices include, but are not limited to, AutoGenprep 960 (AutoGen, Inc.), 
PERFECTprep Process Platform (Brinkmann), RevPrep (GeneMachines), Miniprep 
Workstation (Hudson), AutoPrep-12 (ThermoHybaid), Mini-prep 24 (MacConnell 
20 Research), RoboPrep 2500/3500/4800 (MWG Biotech, Inc.). 

Similarly, high-throughput automated isolation or elution techniques and 
equipment could be used for isolating genomic DNA and RNA. 

25 Preferably, the media used for the filter membrane of the invention includes 

any material that does not inhibit the above-described solution and which does not 
inhibit the storage, elution and subsequent analysis of nucleic acid-containing material 
added to it. This includes flat dry matrices or a matrix combined with a binder. 
Examples of binders include, but are not limited to, polyethylene glycol (PEG), 

30 polyvinyl alcohol (PVA), polyvinyl pyrrolidine (PVP), and other long-chain alcohols. 

It is preferred that the filter membrane of the invention be of a porous nature to 
facilitate immobilization of nucleic acid. In a preferred embodiment, the filter 
comprises a plurality of fibers and has a substantially disordered structure. 
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Preferably, the fiber diameters are in the range of about 1 /xm to about 10 ^m. 
Preferably, the fiber matrix comprises one or more pores having a pore size from 
about 0.2 fim to about 2.7 fim. 

5 In a preferred embodiment, the filter composition and dimensions are selected 

so that the nucleic acid is retained by the filter substantially in the absence of ionic 
interaction, more preferably by physical retardation of the movement of the nucleic 
acid through the filter. 

10 In a preferred embodiment, the filter composition and dimensions are selected 

so that the nucleic acid is retained by the filter in the form of a web. 

"Nucleic materials*' and "materials from the nucleus" include the nuclear 
envelope and the contents of the nucleus, including genomic DNA ("gDNA") or 
15 plasmid DNA. The "non-nucleic acid contents of the nucleus" include the 
components of the nuclear envelope and any other proteins or other substances of the 
nucleus that are not nucleic acids. 

"Nucleic acids" include deoxyribonucleic acids (DNA) and ribonucleic acids 
20 (RNA) of various types. "Genetic material" comprises genomic DNA ("gDNA"), 
which is one type of DNA and encodes genetic information. 

It is preferred that the nucleic acid comprises a polynucleotide. 

25 While the method is applicable to any nucleic acid, it is preferred that that the 

nucleic acid comprises DNA, especially genomic DNA. While it is indicated in this 
preferred method that genomic DNA is the desired target compoimd, it is possible to 
use the method of the present invention to isolate RNA from an RNA-containing 
sample. 

30 

Aside from the elution steps described below, the temperature for the non- 
elution steps is usually ambient temperature, typically in the range from S^'C to 40**C, 
preferably in the range from lO^C to 40°G, more preferably in the range of IS^'C to 
30°C. 
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In a preferred embodiment, the storage step is at ambient temperature ("room 
temperature") and humidity. Typically, the temperature is in the range from 5°C to 
40''C, preferably in the range from 10°C to 40^C, more preferably in the range of 
5 15°Cto30°C. 

Storage of the nucleic acid with the dried solid phase media may be 
maintained for days, weeks, or months. In a preferred embodiment, the nucleic acid is 
capable of being stored for at least one week with the dried solid phase medium. 
10 More preferably, the nucleic acid may be stored for one month, even more preferably 
for three months, and still more preferably for five months. 

It is preferred also that the composition and dimensions of the solid phase 
media are selected so that the nucleic acid is capable of being eluted at a pH of from 
15 pH 5 to 11 or preferably from pH 5.8 to 10. This is advantageous in the present 
method because elution of the product nucleic acid in a more highly alkaline medium 
potentially can degrade the product. Accordingly, one preferred pH for elution is from 
7 to 9. 

20 Any solution at any pH which is suitable for eluting the nucleic acid from the 

present filter may work. Preferred elution solutions include sodium hydroxide (NaOH 
) (1 mM to 1 M), sodium acetate (Na acetate) (ImM to IM), lOmM 2-[N- 
morphoHnoj-ethanesulfonic acid (MES) (pH 5.6), lOmM 3-[cyclohexylamino]-l- 
propanesulfonic acid (CAPS) (pH 10.4), TE (lOmM Tris HCL (pH8) + ImM EDTA), 

25 TE'^ (10 mM Tris; 0.1 mM EDTA; pH 8), sodium dodecyl sulfate (SDS) (particularly 
0.5% SDS), TWEEN^T^ 20 (particularly 1% TWEEISF^^ 20), LDS (particularly 1% 
lauryl dodecyl sulfate (LDS)) or TRITON™ (particularly 1% TRITON™), water and 
lOmM Tris. In typical applications, these solutions yield approximately the same 
quantity of nucleic acid. Total yields of nucleic acid are higher when eluted in a high 

30 volume of elution solution. 

Eluting the nucleic acid, in other words releasing the nucleic acid from the 
solid phase media, may be affected in several ways. The efficiency of elution may be 
improved by putting energy into the system during an incubation step to release the 
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nucleic acid prior to elution. This may be in the form of physical energy (for example 
by agitating) or heat energy. The incubation or release time may be shortened by 
increasing the quantity of energy put into the system. 

5 It is possible to elute nucleic acid from the solid phase media at room 

temperature, but the efficiency of elution may be improved by putting energy into the 
system during an incubation step to release the nucleic acid prior to elution. This may 
be in the form of heat energy. Preferably, heat energy is put into the system by 
heating the nucleic acid to an elevated temperature for a predetermined time, while it 

10 is retained by the solid phase media, prior to elution, but not at a sufficiently high 

temperature or for such a time as to be damaged. More preferably, the nucleic acid is 
heated to an elevated temperature in the range of 40°C to 125''C, even more 
preferably in the range of fi-om SO^'C to 95 ^^C. Most preferably, the nucleic acid is 
heated to an elevated temperature of about 90*^C, advantageously for about 10 

15 minutes. 



20 



Altematively, elution buffer that has already been heated to an elevated 
temperature may be used in lieu of, or more preferably, in addition to, elution at an 
elevated temperature. 



In a preferred embodiment, the elution step described above takes place as 
follows: 

(a) heating an elution buffer to an elevated temperature of 40''C to 125°C; 

(b) adding the elution buffer to the solid phase media; 

25 (c) heating the solid phase media and elution buffer to an elevated 

temperature of 40''C to 125°C; 

(d) eluting the nucleic acid; and 

(e) repeating steps (a)-(d) together at least once. 

30 More preferably, the elevated temperature is in the range fi-om 80°C to 95°C, 

Most preferably, the nucleic acid is heated to an elevated temperature of about 90°C, 
advantageously for about 10 minutes. 
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It should be noted that predominantly single stranded material will be 
produced from the present system. However, the ratio of double to single stranded 
DNA is dependent upon, and can be controlled by, the experimental conditions. 
Modifying the incubation regime using the parameters of time and temperature will 
5 alter this ratio, where a lower elution temperature over a longer time period will 
produce a high proportion of double stranded DNA. A higher elution temperature 
over a shorter period of time also will also produce a higher proportion of double 
stranded DNA. 

10 Once the nucleic acid has been heated to an elevated temperature while 

retained by the filter, it is not necessary to maintain the nucleic acid at the elevated 
temperature during elution. Elution itself may be at any temperature. For ease of 
processing, it is preferred that, where the nucleic acid is heated to an elevated 
temperature while retained by the filter, elution will be at a temperature lower than the 

15 elevated temperature. This is because when heating has been stopped, the temperatxire 
of the nucleic acid will fall over time and also will fall as a result of the application of 
any ambient temperature eluting solution to the filter. 

It is preferred that the method be conducted substantially in the absence of a 
20 chaotrope. 

In many instances, blood samples are applied to a column comprising a solid 
phase medium. In a preferred embodiment, blood samples are treated with a red 
blood cell lysis solution. Typical red blood cell lysis solutions that may be used in the 
25 method of the invention include those set out in Table 1 . A preferred solution is 

0.83% w/v ammonium chloride; 0.16% w/v ammonium carbonate; 0.1 mM EDTA. 
Red cell lysis is not absolutely necessary as the filter will allow intact red cells to pass 
through. However, inclusion of the red blood cell lysis solution leads to a cleaner 
final product. 

30 

Reagents suitable for analysis of liberated DNA can incltide any reagent 
suitable for PCR, processing of DNA, digesting or subcloning of DNA or portions 
thereof, sequencing of DNA, restriction fragment length polymorphism ("RFLP") 
analysis, Southem blotting and any other downstream applications generally found 
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within the scope of DNA analysis. Reagents include, but are not limited to, probes, 
primers, restriction enzymes, buffers, proteins, indicators, and any other reagent 
useful for analysis of DNA. 

5 Reagents suitable for analysis of liberated RNA, such as mRNA, can include 

any reagent suitable for reverse transcription, processing. Northern blotting, and any 
other downstream applications generally found within the scope of RNA analysis. 
Reagents include, but are not limited to, probes, primers, restriction enzymes, buffers, 
proteins, indicators, and any other reagent useful for analysis of RNA. 

10 

It has been found that the present method substantially improves the yield and 
purity of the nucleic acid product. Furthermore, the present method provides a quick, 
simplified, cost effective method for nucleic acid purification that is not manually 
intensive or technique-dependent and does not utilize hazardous chemicals. The 

15 nucleic acid produced in accordance with one embodiment of the present invention is 
capable of multiple downstream processing. Optionally, the nucleic acids retained by 
the filter may be washed with any suitable wash solution. Preferably, the nucleic acid 
retained by the filter is washed with a buffer having a pH in the range 5.8 to 10, more 
preferably in the range 7 to 8. In particular, washing with water or a low salt buffer 

20 such as TE"' (10 mM Tris HCL (pH8) with 100|am EDTA) is preferred. The washing 
step may occur prior to or at the same time as elution. Washing increases the yield 
and purity of the nucleic acid product. The washing step removes any remains of the 
cell material-lysis solution which may be problematic in downstream processing. 

25 Altematively, an appropriate washing buffer can be selected from the group 

including Tris/EDTA; 70% ethanol; STET (0.1 M NaCl; 10 mM Tris-Cl, pH 8.0; 1 
mM EDTA, pH 8.0; 5% Triton X-100); SSC (20X SSC = 3 M NaCl; 0.3 M sodium 
citrate; pH 7.0 with NaOH); SSPE (20X SSPE = 3 M NaCl; 0.2 M NaH2P04-H20; 
0.02 M EDTA; pH 7.4); FTA™ purification reagent, and the like. In particular, 

30 washing with water or a low salt buffer such as TE*' (10 mM Tris HCL (pH8) with 
1 OOfim EDTA) is preferred. 

A washing step, such as with various buffers set forth in the example section, 
but not limited thereto, may be done before or after cell lysis. When the washing step 
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is performed after cell lysis, the solid phase medium then physically captures the 
nucleic acid within the intrastaces thereof. In addition, a washing step may be 
performed following storage just prior to elution. 

5 In a preferred embodiment, the method includes a washing step prior to the 

cell lysis step in order to remove contaminants, such as debris, including cell debris. 
In another preferred embodiment, the method includes a washing step following the 
cell lysis step and prior to the step of drying the solid phase membrane, likewise to 
remove contaminants. In yet another preferred embodiment, the method includes a 
10 washing step following the storage step and prior to the elution step. 

The source of the nucleic acid can be a biological sample containing whole 
cells. The whole cells can be, but are not restricted to, blood, bacterial culture, 
bacterial colonies, tissue culture cells, saliva, urine, drinking water, plasma, stool 

15 samples, semen, vaginal samples, sputum, and plant cell samples. The samples can be 
collected by various means known in the art, transported to the solid phase medium, 
and then applied thereto. Alternatively, the solid phase medium can be in the form of 
a sampling device, such as a swab, sheet material, ball, or the like and the sample can 
be obtained directly from the source. In other words, the solid phase medium can be 

20 in the form of a device which can swipe or otherwise obtain the cell sample from a 

source. The source can be a sample tube containing a liquid sample; an organ, such as 
a mouth, ear, or other part of a human or animal; a sample pool, such as a blood 
sample at a crime scene or the like; whole blood or leukocyte-reduced blood; or other 
various sources of cells known in the scientific, forensic, and other arts. The applying 

25 step can be achieved by applying whole cells to the solid phase medium. The nucleic 
acid may be eukaryotic or prokaryotic and may also include plasmid DNA, 

In general, the present method may be applied advantageously to any whole 
cell suspension. Cells particularly amenable to the present method include bacterial 
30 cells, yeast cells, plant cells and mammalian and other animal cells, such as white 
blood cells, epithelial cells, buccal cells, tissue culture cells, semen, vaginal cells, 
urinary tract cells, and colorectal cells. DNA has been obtained successfully from 
swabs, saline and sucrose mouthwashes and buffy coat samples. 
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Where the cells comprise white blood cells, it is preferred that the method 
further comprises applying whole blood to the solid phase, optionally lysing the red 
blood cells therefrom, optionally washing the solid phase to remove contaminants and 
obtaining the cell lysate from the blood cells. The whole blood can be fresh or frozen. 
5 Bipod containing Na/EDTA, K/EDTA, and citrated blood all give similar yields. A 
lOOp.1 sample of whole blood gives a yield of approximately 2-5 ^ig of nucleic acids, a 
500fil sample gives a yield of approximately 15-40fig of nucleic acids and a 10ml 
sample gives a yield of approximately 200-400^g of nucleic acids. 

10 The present invention can find utility in many areas of genomics. For example, 

the present invention provides the capability to elute bound genetic material for the 
rapid purification of the genetic material to be utilized for a wide variety of 
commercially available solid phase media, such as solid phase media in a column, 
tube, or multiwell plate. 



15 
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Table 1. Solutions. 



iveierencc 


vol olOOU 


Vol Lysis Solution 


Composition 


Treatment 


Millar et al (1988) 
N.A.R 16:1215 




3ml 


1 OmM Tris- 
HCL pH 8.2 
400niM NaCl 
2mM bD 1 A 


Treat o/n Prot K 


Nelson & Krawetz (1992) 
/\iiai iDiocnem zu/. iy/-zui 


1 Vol 


5 Vol 


17mMTris-HCI 
pH 7.65 
140mM NH4CI 


3TC for 5min 


Ramirez-Solis et al 
(1992) Anal Biochem 
201:331-335 


1 ml 


3ml 


155mM NH4CI 
lOmM NaHCOa 


4°Cfor 10-15min 


Douglas etal (1992) 
Anal Biochem 201:362-365 


1ml 


1ml of 2xRBC 
lysis 


Ix:- 

1 1 % sucrose 

lOmM MgCh 

lOmM Tris-HCl 

pH 7.5 

1% Triton X- 

100 


pellet and wash 
with Ix 


Linblom and Holmlund 

(1988) Gene Anal Techn 
5:97-101 

- 


5ml 


10ml 


1% Triton X- 
100 

320mM sucrose 
ImM Tris-HCl 

pH 7.5 

5mM MgCl2 


pellet/urea and 
phenol 




v.Z'^mi 


9 Ami 


zUmM Ins-HCl 
pH 8.0 
5mM EDTA 


Used with 
type filler 


Herrmann and Frischauf 
(1987) in Guide to 


10ml 


30ml 


155mM NH4CI 
lOmM NH4CO3 


ice 15min, spin 


Molecular Cloning pi 80-1 83 






0. ImM EDTA 
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Examples 



Human whole blood samples (400 - 1000 fil) were processed using original 
and modified versions of the Whatman Genomic DNA Purification System GenFast. 
5 25- 50 ^il FT A® solution (Whatman) were applied to each colunm after Nucleated 
Cell Capture and Red Cell Lysis Step. Then columns were left at room temperature 
for drying, storage and subsequent DNA extraction. 

GenFast protocol was applied for recovering of the stored DNA, as described 

10 below. 



Study design for Examples 1-4: 

o 0.5 — 1 ml of fi*esh or frozen human whole blood was applied onto homemade 
15 columns packed with different t>pes of Leukoreduction (LR) glass fiber media; 

o Hb and other undesirable blood components were washed out with red-cell lysing 
solution GenFast Solution 1 (Whatman, Inc.) [Solution 1 = 155.2 mM Ammonium 
Chloride, 10 mM Ammonium Carbonate, 0.10 mM EDTA]; 
o An FTA® solution (Whatman, Inc.) [(1 60 mM Tris; 7.8 mM EDTA, 2% w/v 
20 SDS, 0.672% w/v uric acid)] in a volume of 25-50iil was applied to the media 

with captured white blood cells on it (except as otherwise indicated); 
o Columns were dried at room temperature or 37*'C; 

o Columns were stored at ambient conditions (room temperature, humidity) for 1, 5, 
or 20 days or for 3.5 months; 

25 o At different points of storage DNA was isolated from the media using GenFast 

chemistry (GenFast Solutions 2, 3, 4) (Whatman, Inc.) [Solution 2 = 0.5% (w/v) of 
Sodium Lauryl Sulfate; Solution 3 = 8.0 (±0. 1) mM Potassium Chloride, 3.0 
(±0.1) mM Magnesium Chloride, 10 mM (±0.1 mM) Tris/HCl (pH 8.0), 1% FCS 
(v/v), 0.05% (w/v) Sodium Metabisulfite; Solution 4=10 mM Tris/HCl; 1 mM 

30 EDTA]; 

o DNA quality and quantity was evaluated using UV/vis spectrometry, PicoGreen 
fluorescent dye, and agarose gel electrophoresis. 
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The following examples demonstrate the feasibility of extracting up to 78% of 
expected DNA yield (8 -12 jjg DNA from 500 pi of blood) with up to 75% in double 
stranded form after 3.5 months of sample storage at room temperature. Stability of 
DNA in the storage process is presented the figures depicting photographs of the 
5 agarose gel electrophoresis after 1 (Fig. 1 A), 5 (Fig. IB), or 20 (Fig. 2) days, and 3.5 
months (Fig. 3) of sample storage. 

Examples 1 and 2: 

10 A sample of 0.5 ml frozen blood (#1) was applied onto glass fiber GF/L-6™ media in 
homemade columns. Storage time was 1 and 5 days. Results are shown in Table 2 
and in Figures lA-lB. 

Table 2. DNA Yield fi^om the blood samples after 1 (I) and 5 (II) days of storage on 
15 the GF/L-6 ™ media at room temperature, detected by UV/vis spectroscopy. 



1. DNA extraction after one day 


II. DNA extraction after five days storage of 


storage of the samples at room 


the samples at room temperature 


temperature 






Sample 


ng Extr Yield, % to 


Sample ng DNA///I 


Extr Yield, % to 




DNA DNA, Expected. 




DNA,//g Expected. 




//g 






1 


40 10 72 


5 41 


10 73 


2 


43 10 76 


6 42 


10 75 


3 


47 11 84 


7 44 


11 78 


Average 


43.1 10.3 77.2 


Average 42.1 


10.1 75.5 


SD 


2.74 0.66 4.91 


SD 1.27 


0.31 2.28 



Figures 1 A and IB show the quality of extracted DNA firom the blood samples after 1 
20 (I) (Fig. 1 A) and 5 (II) (Fig. IB) days of storage on the GF/L-6™ media at room 
temperature, detected by 0.78% agarose gel electrophoresis (M = molecular weight 
standard). 
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Example 3: 



A sample of 0.5 ml fresh blood (#2) was applied onto glass fiber DBS-1000™ media 
in homemade column. Storage time was 20 days. Results are shown in Table 3 and in 
5 Figure 2. 

Table 3. DNA Yield fi^om the blood samples after 20 days of storage on the DBS- 
1000™ media at room temperature, detected by UV/vis spectrophotometry and 
PicoGreen. 

10 



Sample 


dsDNA 


Total DNA 


dsDNA 


Total DNA 


dsDNA 


Total DNA 




//g/ml 


//g/ml 


//g/column //g/column 


% of Expec. 


% of Expec. 


1 


8.4 


14.8 


2.1 


3.7 


16 


27 


2 


'3.8 


9.8 


1.7 


2.4 


13 


18 


3 


10.2 


12.8 


2.6 


3.2 


19 


24 


5 


10.1 


18 


2.5 


4.5 


19 


33 


Mean 


9 


14 


2 


3 


16 


26 


SD 


1.41 


3 


0.35 


0.75 


2.61 


5.55 



Figure 2 shows the quality of extracted DNA from the blood samples after 20 days of 
storage on the DBS-1000™ media at room temperature, detected by 0.78% agarose 
15 gel electrophoresis (M = molecular weight standard). 

Example 4: 

A sample of 1 .0 ml fresh blood (#3) was applied onto DBS-1000™ media in 
20 homemade column. Storage time was 3.5 months. Results are shown in Table 4 and 
in Figure 3. 

Table 4. DNA Yield from the blood samples after 3.5 of storage on the DBS-1000™ 
media at room temperature, detected by UV/vis spectrophotometry and PicoGreen 

25 



Sample 


Extract. Vol. 


dsDNA 


Total DNA 


dsDNA 


Total DNA 


Total DNA 


dsDNA 




ml 


//g/ml 


//g/ml 


//g/column 


//g/column 


% of Exp 


%of Eluted 


1 


0.2906 


34.6 


46 


10 


13 


38 


77 


2 


0.2907 


30 


64 


8.7 


19 


53 


46 
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Figure 3 shows the quahty of extracted DNA from the blood samples after 3,5 months 
of storage on the DBS- 1000™ media at room temperature, detected by 0.78% 
agarose gel electrophoresis (M = molecular weight standard). 

5 

Based on the examples of the present invention, these results demonstrate the 
use of an embodiment of the present invention to archive NA at room temperature for 
following solid phase based purification technologies. Thus, the present invention 
enables use of solid phase based NA purification technologies to store, ship, and/or 
10 isolate the NA conveniently. 



15 
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Example 5: FTA®-composition for storage and isolation of the DNA from blood 
using 1-ml columns with different types of glass fiber media. 

Study design: 



• 1 ml of blood was applied onto 1-ml columns with two different types of LR glass 
fiber media GF/L-6™ and DBS™ (Whatman, Inc.); 

20 • Hb and other undesirable blood components were washed out with washing 
solution; 

• FT A® solution was applied to one group of the columns (marked as GF/L-6- 
FTA® or DBS-FTA® below); no FT A® solution was applied to another group 
the columns (marked as GF/L-6™ -control or DBS™ -Control below). 

25 • Columns were stored at ambient conditions (room temperature, humidity) for 1 
month; 

• DNA was isolated from the media using GenFast standard protocol; 

• DNA quality and quantity was evaluated using UV/vis spectrometry, PicoGreen 
fluorescent dye (tables 5 and 6), and agarose gel electrophoresis (Figure 4). 



Results: 
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Figure 4 shows the quality of the DNA isolated after one month storage at room 
temperature on the GF/L-6™ and DBS™ media, control vs. FT A® treated, detected 
by 0.78% agarose gel electrophoresis (M = molecular weight standard). 

The results presented in the Figure 4 and tables 5 and 6 demonstrate the excellent 
quality and quantity of the DNA isolated from the FTA® treated media, OD ratio was 
1.8, about 80% of DNA was in double stranded (ds) fomi. DNA isolated from control, 
non-treated media was significantly deteriorated, OD ratio was 1 .5 - 1 .2, less then 20 
% was in ds form. The amount of DNA isolated from control samples was 3 — 4 times 
less then that isolated from FTA®-treated columns. 

Table 5. DNA Yield from 1 ml blood after one month storage on the GF/L-6™ media 
(FTA® treated vs. control) at room temperature, detected by UV/vis spectroscopy. 



Sample 


Total DNA 


OD260/OD280 


ds/ss 




'/ig/column 


Ratio 


Ratio, % 


GF/L-6 ^"^ -Control 








Average 


6.2 


1.55 


22.7 


SD 


0.8 


0.04 


1.08 


GF/L-6™ -FTA® 








Average 


20 


1.78 


74 


SD 


1.9 


0.03 


2.1 



Table 6. DNA Yield from 1 ml blood after one month storage on the DBS ™ media 
(FTA® treated vs control) at room temperature, detected by UVfVIS spectroscopy. 



Sample 


Total DNA 


OD260/OD280 


ds/ss 




Itg/column 


Ratio 


Ratio, % 


DBS™ -Control 








Average 


4.4 


1 34 


20 


SD 


1.3 


0.05 


6 


DBS™ -FTA® 








Average 


16 


1.79 


80 


SD 


0.31 


0.01 


1.7 
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Example 6: Quality of DNA samples extracted from a glass fiber column system 
after storage at room temperature for three and one-half months 



Study design: 

5 

• 1 ml of whole, frozen blood was applied onto the filter media of 1-ml LR 
glass fiber GF/L-6™ spin colunms; 

• Hb and other undesirable blood components were washed once with washing 
solution (GenFast Solution 1). 

10 • FT A® solution was applied to the media with the captured cells in the 

experimental columns, while no FT A® solution was apphed to the control 
group; 

• Columns were dried and stored at ambient conditions (room temperature, 
humidity) for 3.5 months; 

15 • DNA was isolated from the media using GenFast standard protocol 
(Whatman, Inc.) as described above; 

• DNA quality and quantity were evaluated using agarose gel electrophoresis 
(Figure 5) and PicoGreen fluorescent dye. 



20 Results: 

Figure 5 shows the quality of the DNA isolated after 3.5 months storage at room 
temperature on the GF/L-6™ media, control (bottom) vs. FT A® treated (top), 
detected by 0.8% agarose gel electrophoresis (MW = molecular weight standard). 

25 

The results demonstrate the excellent quality (Figure 5) and quantity of the DNA 
isolated from the FT A® treated media, averaging 1 1 /xg/column, with about 80% of 
the DNA in ds form (PicoGreen fluorescent dye). DNA isolated from control, non- 
treated media showed significant signs of deterioration (Figure 5). 

30 

Example 7; Quality of DNA samples extracted from a glass fiber column system 
after storage at room temperature for five months 



Study design: 
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) 



o 1 ml of whole, frozen blood was applied onto the filter media of 1-ml 

GenFast-like spin columns with glass fiber GF/L-6™ media and loaded by 
vacuum filtration; 

5 o Hb and other undesirable blood components were washed once with washing 
solution (GenFast Solution 1). 
o FTA®-like solution (without uric acid) (Whatman, hic.) was applied to the 
media with the captured cells in the experimental colunms (with FTA®-like 
solution comprising 2% SDS for two samples and FTA®-like solution 
10 comprising 4% SDS for two samples), while no FTA®-like solution was 

applied to the control group; 
o Columns were dried and stored at ambient conditions (room temperature, 

humidity) for 5 months; 
o DNA was isolated fi-om the media using GenFast standard protocol 
15 (Whatman, Inc.), as described above; 

o DNA quality and quantity were evaluated using agarose gel electrophoresis 
(Figure 6) and PicoGreen fluorescent dye. 



Results: 

20 

Figure 6 shows the quality of the DNA isolated after 5 months storage at room 
temperature on the GenFast-like spin columns with glass fiber GF/L-6 ™ media, 
control (Control) vs. FTA®-like solution-treated (FTA-Treated), detected by 0.78% 
agarose gel electrophoresis (MW = molecular weight standard). Of the four FTA- 
25 Treated lanes, the two left-hand FTA-Treated lanes (next to the Control lanes) were 
treated with FTA®-like solution comprising 4% SDS, while the two right-hand FTA- 
Treated lanes were treated with FTA®-like solution comprising 2% SDS. The 
amount of DNA in the FTA®-like solution-treated (FTA-Treated) lanes is 
approximately 100 ng DN A/band. 

30 

The results demonstrate the excellent quality (Figure 6) and quantity of the DNA 
isolated fi-om the FT A® treated media, averaging 1 6 ^g/column total DNA yield. 
DNA isolated fi-om control, non-treated media showed significant signs of 
deterioration (Figure 6). 
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Example 8: Quality of DNA samples extracted from a silica gel column system 
after storage at room temperature for three and one-half months 

Study design: 



• 0.2 ml of whole, frozen blood was applied onto the filter media of 0.2-ml 
silica gel QIAamp Mini Kit (Qiagen) spin columns. 

10 • Hb and other undesirable blood components were washed out with washing 
solution (GenFast Solution 1). 

• FT A® solution was applied to the media with the captured cells in the 
experimental columns, while no FT A® solution was applied to the control 
group; 

15 • Columns were dried and stored at ambient conditions (room temperature, 
humidity) for 3.5 months; 

• DNA was isolated from the media using GenFast standard protocol 
(Whatman, Inc.), as described above; 

• DNA quality and quantity were evaluated using agarose gel electrophoresis 
20 (Figure 7) and PicoGreen fluorescent dye. 

Results: 



Figure 7 shows the quality of the DNA isolated after 3.5 months storage at room 
25 temperature on the FT A® treated QIAamp media detected by an 0.8% agarose gel 
electrophoresis (MW = molecular weight standard). 

The results demonstrate the excellent quality (Figure 7) and quantity of the DNA 
isolated from the FT A® treated media, averaging 3.4 ^g/column, with about 70% of 
30 the DNA in ds form (PicoGreen fluorescent dye). 

Example 9: Quality of DNA samples extracted from a PVDF column system 
after storage at room temperature for three and one-half months 
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Study design: 



o 0.4 ml suspension of white blood cells (WBC; 10,000 cells/jLtl) was applied 

onto the filter media of 1.2 fim PVDF (polyvinylidinefluoride) hydrophilic 
5 membranes (Whatman) in a GenFast column-based design (Whatman, Inc.) 

by vacuum filtration; 
o Columns were washed once with washing solution (GenFast Solution 1). 
o FT A® solution (with uric acid) or modified FTA® solution (without uric 

acid) was applied to the media with the captured cells in the experimental 
10 columns, while no FTA® solution was applied to the control group; 

o Columns were dried and stored at ambient conditions (room temperature, 

humidity) for 3.5 months; 
o DNA was isolated fi-om the media using GenFast standard protocol 

(Whatman, Inc.), as described above; 
15 o DNA samples were diluted 1 0 times, and the quality and quantity of the DNA 

were evaluated using agarose gel electrophoresis (Figure 8) and PicoGreen 

fluorescent dye. 



Results: 

20 

Figure 8 shows the quality of the DNA isolated after 3 months storage at room 
temperature on the PVDF media, detected by 0.78% agarose gel electrophoresis (MW 
= molecular weight standard; lanes 1-2: Controls; lane 3: no sample (blank); lanes 4- 
5: FTA®-treated samples; lanes 6-9: modified FTA®-treated samples). 

25 

The results demonstrate the excellent quality (Figure 8) and quantity of the DNA 
isolated fi^om the FTA® treated media and modified FTA® treated media, averaging 
15 /xg/colunm (about 60% of expected amount), with about 75% of the DNA in ds 
form (PicoGreen fluorescent dye). DNA isolated fi-om control, non-treated media 
30 showed significant signs of deterioration (Figure 8). 



Throughout this application, various publications including United States 
patents^ are referenced by author and year and patents by number. The disclosures of 
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these publications and patents in their entireties are hereby incorporated by reference 
into this application in order to describe more fully the state of the art to which this 
invention pertains. 

The invention has been described in an illustrative manner, and it is to be 
understood that the terminology which has been used is intended to be in the nature of 
words or description, rather than of limitation. 

Obviously, many modifications and variations of the present invention are 
possible in light of the above teachings. It is, therefore, to be understood that within 
the scope of the described invention, the invention may be practiced otherwise than as 
specifically described. 



BOS2_349468.1 



41 



References 



1 . U.S. Patent No. 5,496,562, Burgoyne, Solid medium and method for DNA 
storage, 1996, 

5 2. U.S. Patent No. 5,756,1 26, Burgoyne, Solid medium and method for DNA 
storage, 1998. 

3. U.S. Patent No. 5,807,527, Burgoyne, Solid medium and method for DNA 
storage, 1998. 

4. WO 00/21973 (2000), Mitchell et al.. Isolation Methods and Apparatus 
10 (PCT/GB99/03337 (1999)). 

5. U.S. Patent No. 5,658,548, Padhye et al., Nucleic Acid purification on silica 
gel and glass mixtures, 1997. 



BOS2_349468.] 



42 



